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ABSTRACT 



A double truss structural armor component includes a first 
face sheet, an intermediate sheet opposing the first face 
sheet, a first truss core member sandwiched between the first 
face sheet and the intermediate sheet, a second face sheet 
opposing the intermediate sheet, a second truss core member 
sandwiched between the second face sheet and the interme- 
diate sheet, and laminate materials disposed within interior 
flutes of the first and second truss core members. The first 
tress core member has a flute axis. The second truss core 
member has a flute axis which is oriented in a range of about 
45° to 90° from the flute axis of the first truss core member. 
Thus, a biaxially redundanrload path is formed. The first and 
second face sheets, the intermediate sheet, and the first and 
second truss care members are formed of high toughness, 
high strength titanium alloys. The laminate materials which 
are within the interior flutes of the truss core members are 
bonded to portions of the flutes that are adjacent to the 
intermediate sheet The laminate materials have high energy 
of break properties. During impact of a ballistic fragment, 
one of the face sheets slows down the fragment and flattens 
and further fragments the fragment When the resulting 
fragments impact the laminate materials, their energies are 
absorbed by the laminate materials by high strain deforma- 
tion of the laminate materials in biaxial directions. Thus, the 
fragments are brought to rest and are prevented from pen- 
etrating the other face sheet During impact of a blast wave, 
the energy wave is partially absorbed by one of the face 
sheets, deforming and transferring load to the truss core 
members. These members deform in a buckling mode in 
biaxial directions, thereby absorbing the blast energy in a 
spring-like manner, preventing fracture of the other face 
sheet 

14 Claims, 2 Drawing Sheets 
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DOUBLE TRUSS STRUCTURAL ARMOR 
COMPONENT 

BACKGROUND OF THE INVENTION 

1. Held of the Invention 

The present invention relates to armor structures, and 
more particularly to lightweight, high strength structural 
annex components requiring minimum space allocation, and 
having improved capability for surviving high energy blast 
loads and impeding penetration therethrough by high speed 
projectiles. 

2. Description of the Related Art 

Conventional armor plating is typically made of ceramic 
materials, metallic materials, high-elongation organic 
materials , or a combination of two or more thereof. An 
example of conventional armor, is disclosed in UJS. Pat. No. 
4,404.889 issued to Miguel. The '889 armor includes layers 
of high density steel honeycomb, balsa wood, and ballistic 
resistant nylon sandwiched in various arrangements between 
outer layers of steel armor plate. 

An improvement in lightweight structural armor is dis- 
closed in U.S. Pat No, 5,435,226 issued to Fred McQuilkin 
and assigned to Rockwell International Corporation. The 
'226 armor employs a 3-sheet single truss core design with 
abrasive or laminate materials provided in the interior cells 
or flutes of the truss members. The abrasive or laminate 
materials are held in place by inflating bladders during the 
bonding process, which are later removed. 

The single truss axis of the *226 design provides energy 
absorption from the blast wave concentrated primarily in 
one axis, which can possibly allow large structural deflec- 
tions in the axis transverse to the truss core member axis. 
Also, fragment energy dissipation is accomplished by lami- 
nates inserted into the truss member flutes which are ori- 
ented in a single axis only. A fragment can possibly migrate 
between the laminate inserts and thus reduce the laminate 
energy absorption capability. 

Ceramic materials offer significant efficiency in defeating 
armor piercing projectiles at the lowest weight per square 
foot of surface area. The ceramic armor sections are gener- 
ally mounted on a tough support layer such as glass- 
reinforced plastics. Boron carbide, silicon carbide and alu- 
mina are ceramics which are commonly used in armor 
plating. 

However, ceramic plates have the serious drawback of 
being unable to sustain and defeat multiple hits by armor 
piercing projectiles. Because relatively large sections of 
ceramic material must be used to stop these projectiles and 
because these sections shatter completely when hit by a 
projectile, the ceramic armor is unable to defeat a second 
projectile impacting close to the preceding impact. 
Moreover, sympathetic shattering of adjacent ceramic sec- 
tions usually occurs, still further increasing the danger of 
penetration by multiple rounds. 

In addition, ceramic armors are difficult and costly to 
manufacture; not only are very high manufacturing tempera- 
tures required, but also processing is time consuming 
because very slow cooling is necessary to avoid cracking. 
Also, ceramic armor cannot carry significant structural 
loads, and therefore adds parasitic weight to the load car- 
rying structure. 

Metallic materials have been implemented for light 
weight armor applications because they possess excellent 
ability to defeat multiple, closely spaced impacts of armor 
piercing projectiles. However, this class of materials is often 
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far heavier than desired and difficult to fabricate into intri- 
cate contours. Moreover, the weight of metallic materials 
have typically precluded their extensive use in such light- 
weight mobile weapons systems as helicopters and small 
5 water craft 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is, therefore, a principal object of the present invention 
to to provide a new and improved lightweight armor structure 
especially for high intensity blast threats with fragments, 
and for structural applications that have minimum available 
space. 

It is another object to provide a structural armor compo- 

15 nent useful in protecting floor and wall panels of aircraft and 
ground and marine vehicles that are subject to high blast and 
fragment type threats. 

Another object is to overcome all of the disadvantages 
and drawbacks of known similar structures that have less 

20 blast resistant capability. 

These and other objects are accomplished by the present 
invention, which is a double truss structural armor compo- 
nent. In its broad aspects, it includes a first face sheet, an 

^ intermediate sheet opposing the first face sheet, a first truss 
core member sandwiched between the first face sheet and 
the intermediate sheet, a second face sheet opposing the 
intermediate sheet, a second truss core member sandwiched 
between the second face sheet and the intermediate sheet, 

^ and laminate materials disposed within interior flutes of the 
first and second truss core members. The first truss core 
member has a flute axis. The second truss core member has 
a flute axis which is oriented in a range of about 45° to 90° 
from the flute axis of the first truss core member. Thus, a 

35 biaxially redundant load path is formed The first and second 
face sheets, the intermediate sheet, and the first and second 
truss core members are formed of high toughness, high 
strength titanium alloys. The laminate materials which are 
within the interior flutes of the truss core members are 

^ bonded to portions of the flutes that are adjacent to the 
intermediate sheet The laminate materials have high energy 
of break properties. 

During impact of a ballistic fragment, one of the face 
sheets slows down the fragment and flattens and further 

45 fragments the fragment. When the resulting fragments 
impact the laminate materials, their energies are absorbed by 
the laminate materials by high strain deformation of the 
laminate materials in biaxial directions. Thus, the fragments 
are brought to rest and are prevented from penetrating the 

50 other face sheet 

During impact of a blast wave, the energy wave is 
partially absorbed by one of the face sheets, deforming and 
transferring load to the truss core members. These members 
deform in a buckling mode in biaxial directions, thereby 

5 3 absorbing the blast energy in a spring-like manner, prevents 
ing fracture of the other face sheet 

Cellular foam materials are preferably disposed within the 
interior flutes for providing pressure against the laminate 
materials during an adhesive curing cycle of the laminate 

60 materials, which bonds the laminate materials to the inter- 
mediate sheet and to the truss core members. The foam 
materials also serve to absorb a portion of the blast wave 
energy by crushing deformation of the foam materials in a 
spring-like manner. 

65 The key advantages of the double truss core structural 
armor design of the present invention relative to the previ- 
ously referenced '226 patent are as follows: 
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1) The biaxial orientation of the laminate inserts of the in a range of about 140 ksi to 175 ksi and "high toughness" 
present invention increases the energy absorption capability refers to fracture toughness (Kapp) properties in a range of 
to "catch" the fragment andprevent migration of the ballistic about 130 ksi-inches 1/2 to about 185 ksi-inches 1/2 . 
fragments between the laminate inserts. The redundancy Preferably, the strength properties should be in a range of 
afforded by this double transverse orientation of the laminate 5 about 155 ksi to about 175 ksi and toughness properties 
inserts also improves the armor's capability to withstand should be in a range of about 155 ksi-inches l/2 to 185 
multiple fragment impacts. ksi-inches 1/2 . 

2) The biaxial orientation of the truss core members of the The titanium alloys are preferably an alpha-beta class of 
present invention, increases the capability to absorb blast titanium alloys. Such alpha-beta class of titanium alloys may 
wave energy and prevent large structural deflections in both 10 comprise, for example, titanium 6242S or titanium 6-22-22. 
axes of the panel. Although the single truss core design These alloys are preferably processed into a high toughness 
disclosed in the '226 patent is effective for most design and high strength state by a special heat treatment process, 
threats, the double truss core armor of the present invention such as that trademarked under the name RX2™ manufac- 
is particularly useful for defeating high-blast threats and cured by Rockwell International Corporation. The RX2™ 
explosion upon impact threats. 15 process is disclosed and claimed in U.S. patent application, 

3) The method of using foam that is expanded within the Ser. No. 08/339,856, incorporated herein by reference, 
double truss core flutes, which presses the laminate against entitled "A Method for Processing Micro-Structure-Property 
the flute and intermediate sheet surfaces during the laminate Optimization of Alpha-Beta Titanium Alloys to Obtain 
bonding cycle has improved efficiency. Also, the foam Simultaneous Improvements in Mechanical Properties and 
serves as a portion of the blast energy absorption mechanism 20 Fracture Resistance**, assigned to Rockwell International, 
of the armor panel Another high toughness, high strength titanium alloy. 

Other objects, advantages and novel features of the which can be utilized with the inventive features of the 
present invention will become apparent from the following present invention include the alloy known as Corona 5™ 
detailed description of the invention when considered in „ t itanium, having the composition of 4.5 wt. % Al, 5 wt % 
conjunction with the accompanying drawings. Mo, and 1.5 wt % Cr, with the remainder being titaniuni 

Laminate materials 26 are disposed within interior flutes 

BRIEF DESCRIPTION OF THE DRAWINGS 28 of the first and second truss core members 16, 22. It is 

FIG. 1 is a perspective view of a double truss core noted ^f 10 ' » innate ernpty flutes 

structural armor component of the present invention. 30 P nor *> * scrtl0 » f ^ lammate mat^s. These flutes 28 

_ „ . \ . _ , . _ are shown empty for the purposes of clarity. The lammate 

FIG. 2 is a perspective view of the initial 5-sheet double m ^frd to portions of the flutes 28 that are 

transverse truss core panel, illustrating the initial step in the adjaccnt t0 ^ intermediate shcct 14. Hius, as indicated by 
armor component fabrication process of the present inven- the denoted by numeral designation 30, alternating 

on * 35 laminate materials 26 are bonded to the intermediate sheet 

FIG. 3 shows the insertion of the laminate material into 14 while other alternating laminate materials for example, at 
the interior flutes. the position denoted by numeral designation 32, are bonded 

FIG. 4 shows the insertion of the pre-foam material into to the flute of the truss core member which is, in turn, 
the interior flutes. bonded to the intermediate sheet 14. In other words, it is 

FIG. 5 illustrates foam expansion to fall the voids in the 40 ncccssarv tot the laminate materials 26 be bonded as 

flutes, farming the finished panel. closely as possible to, if not actually upon, the intermediate 

Tfco o«™« oloM1onf( , ^ nevrtr ^™„k«„* fk a «„™ sheet 14. The biaxial orientation of the laminates enable the 

The same elements or parts throughout the figures are . . , . . „ t . , .„„ . . _ tI . 
. . , , , * . °" 0 materials to act as a catcher s mitt to absorb Dart or all of 

designated by the same reference characters. A . _/\ 7 . iT7 7_ ; , , °r 

the energy of the ballistic fragments after they have been 

DETAILED DESCRIPTION OF THE 45 aDrac *ed ky the face sheet This functional aspect of the 

PREFERRED EMBODIMENT laminate materials will be discussed below in more detail. 

The laminate materials may include, high strength syn- 

Referring now to the Figures and the characters of refer- fibcrs> as foi example, the laminated materials known 

ence marked thereon, FIG. 1 illustrates a preferred embodi- as "KeviardT and "Spectra®". The laminate materials uti- 

ment of the structural armor component of the present 5Q 1^ by mc present invention are required to have high 

invention, designated generally as 10. energy of break properties. As defined herein, the term "high 

Component 10 includes a first face sheet 12. An interme- energy of break" refers to a range of 0.003 micro inches per 

diate sheet 14 opposes the first sheet 12. A first truss core inch to about 0.007 micro inches per inch. A preferred range 

member 16 is sandwiched between the first face sheet 12 and is from about 0.006 micro inches per inch to about 0.007 

the intermediate sheet 14. The first truss core member has a 55 micro inches per inch. 

flute axis, designated by arrow 18. A second face sheet 20 Cellular foam materials 34 are disposed within the interior 

opposes the intermediate sheet 14. A second truss core flutes in the volume not occupied by the laminate materials 

member 22 is sandwiched between the second face sheet 20 26. The cellular foam materials 34 provide pressure against 

and the intermediate sheet 14. Hie second truss core member the laminate materials 26 during an adhesive curing cycle of 

22 has a flute axis, designated by arrow 24 oriented approxi- & the laminate materials 26, which bond the laminate materials 

mately transverse from the flute axis 18 of the first truss core to the intermediate sheet 14 and/or to the truss core members 

member 16, to form a biaxially, redundant load path, as will 16, 22. The cellular foam materials 34 may comprise, 

be explained in detail below. expanding epoxy syntactic films that foam from 8 to 10 

The face sheets 12, 20, the intermediate sheet 14 and the times their thickness under a heat curing cycle. An example 

truss core members 16, 22 are all formed of high toughness, 65 of such a film is the film marketed under the trademark 

high strength titanium alloys. As defined herein, the term Microply EM3®. Another method for providing the foam is 

"high strength" refers to ultimate tensile strength properties by use of a cornmercially available pre-foam liquid solution 
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that is poured in the flute, which then expands into a cellular 
foam due to a chemical reaction. 

The mechanism by which the armor 10 defeats an explo- 
sion and fragments of a ballistic threat is as follows: 

During impact of a ballistic fragment 36, the face sheet 12 5 
slows down the fragment 36 and flattens and further frag- 
ments the fragment. When the resulting fragments impact 
the f^TPipate materials 26, their energies are absorbed by the 
laminate materials 26 by high strain deformation of these 
materials in biaxial directions. Thus, the fragments are 10 
brought to rest and are prevented from penetrating the other 
face sheet 20. 

During impact of the subsequent blast wave, the energy 
wave is partially absorbed by the face sheet 12, deforming 
and transferring load to the truss core members 16, 22, 15 
which deform in a buckling mode in biaxial directions, 
thereby absorbing the blast energy in a spring-like manner, 
thus preventing the fracture of the other face sheet 20. 

The foam materials 34 serve to absorb a portion of the 
blast wave energy by crushing deformation of the foam 20 
materials 34 in a spring-like manner. 

It is noted that although the flute axes have been shown to 
be approximately 90° , this being the preferred orientation, 
the flutes may be oriented in a range from about 45° to 90°. 

The face sheets 12, 20 can either be monolithic titanium 25 
or partially diffusion bonded or adhesively bonded lami- 
nated titanium. Use of laminated titanium offers an advan- 
tage over the monolithic titanium in that it improves the 
lateral spread of the impact energy of the fragment The 
lateral dispersion of energy is due to the energy breaking the 
adhesive bonds between the laminate layers. 

The shape of the panels can either be flat for applications 
such as cargo floors of aircraft, of land vehicles or engine 
enclosures for Marine vehicles. Or, the panels can be curved 
in either a uniaxial or biaxial direction for applications such 
as aircraft fuselages or interior walls or for enclosures 
around critical subsystems such as liquid oxygen bottles and 
hydraulic system installations. TTie process by which truss 
core panels may be formed into various curved shapes ^ 
includes creep forming and superplastic forming. 

Referring now to FIG. 2, the initial step in the armor 
component fabrication process of the present invention is - 
illustrated 

FIG. 2 shows an initial 5-sheet double transverse truss 45 
core panel. In a first method of fabrication, the panel formed 
by first diffusion bonding the 5-sheets together then, 
secondly, expanding the panel by a superplastic forming 
inflating process. In a second method, the panel is laser 
welded together, then superplastically expanded by an infla- J0 
tion process. These processes arc well known in the aero- 
space industry. 

Referring now to FIG. 3, the laminate material 26 is first 
formed in a monolithic sheet, then cut up into inserts 
commensurate with the shapes of the internal flutes of the 55 
truss core members. Adhesive is then applied to the inserts. 
They are men inserted into the flutes. The laminates 26 are 
inserted into the tops of the lower flutes 26 and into the 
bottoms of the upper flutes 26 so as to make mem adjacent 
to the intermediate sheet 14. 60 

Referring now to FIG. 4, the epoxy syntactic film 33 or 
prefoam liquid is shown applied to the interior of the flutes. 
As can be seen by reference to FIG. 5, the resulting foam 34 
expands and presses against the laminate materials 26 pro- 
viding a strong adhesive bond forming the finished panel. 65 

Obviously, many modifications and variations of the 
present invention are possible in light of the above teach- 
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ings. It is therefore to be understood that, within the scope 
of the appended claims, the invention may be practiced 
otherwise than as specifically described. 

What is claimed and desired to be secured by Letters 
Patent of the United States is: 

1. A double truss structural armor component, compris- 
ing: 

a) a first face sheet; 

b) an intermediate sheet opposing said first face sheet; 

c) a first truss core member sandwiched between said first 
face sheet and said intermediate sheet, said first truss 
core member having a flute axis; 

d) a second face sheet opposing said intermediate sheet; 

e) a second truss core member sandwiched between said 
second face sheet and said intermediate sheet, said 
second truss core member having a flute axis being 
oriented in a range of from about 45° to 90° from said 
flute axis of said first truss care member to farm a 
biaxially, redundant load path, said first and second 
face sheets, said intermediate sheet, and said first and 
second truss core members being formed of high 
toughness, high strength titanium alloys; and 

f) laminate materials disposed within interior flutes of said 
first and second truss care members, said laminate 
materials being bonded to portions of said flutes that 
are adjacent to said intermediate sheet, said laminate 
materials having high energy of break properties, 
wherein, 

during impact of a ballistic fragment, one of said face 
sheets slows down said fragment and flattens and 
further fragments said fragment, and when the result- 
ing fragments impact said laminate materials, then- 
energies are absorbed by said laminate materials by 
high strain deformation of said laminate materials in 
biaxial directions, thereby bringing said fragments to 
rest and preventing them from penetrating the other 
face sheet and 

during impact of a blast wave, the energy wave is 
partially absorbed by said one of said face sheets 
deforming and transferring load to said truss core 
members, which deform in a buckling mode in 
biaxial directions, thereby absorbing the blast energy 
in a spring-like manner, thus preventing fracture of 
said other face sheet 

2. The structural armor component of claim 1, further 
comprising: 

cellular foam materials disposed within said interior flutes 
for providing pressure against said laminate materials 
during an adhesive curing cycle of said laminate 
materials, which bonds said laminate materials to said 
intermediate sheet and to said truss core members, said 
foam materials also serving to absorb a portion of the 
blast wave energy by crushing deformation of said 
foam materials in a spring-like manner. 

3. The structural armor component of claim 1, wherein 
said first and second face sheets, said intermediate sheet, and 
fast and second truss core members are formed of an 
alpha-beta class of titanium alloys having ultimate tensile 
strength properties in a range of about 140 ksi to 175 ksi and 
fracture toughness (Kapp) properties in a range of about 130 
ksi-inches 1/§ to about 185 ksi-inches 172 . 

4. The structural armor component of claim 1, wherein 
said first and second face sheets, said intermediate sheet, and 
first and second truss core members are formed of an 
alpha-beta class of titanium alloys having tensile strength 
properties in a range of about 155 ksi to 175 ksi and fracture 
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toughness properties in a range of about 155 ksi-inches l/2 to 
about 185 ksi-inches l/2 . 

5. The structural armor component of claim 1, wherein 
said flute axis of said second truss core member is oriented 
about 90° from said flute axis of said first truss core member. 5 

6. The structural armor component of claim 1, wherein 
said first and second face sheets, said intermediate sheet, and 
said first and second truss core members are formed of an 
alloy having the composition of 4.5 wt % Al, 5 wt. % Mo 
and 1.5 wt. % Cr, with the remainder being titanium. 10 

7. The structural armor component of claim 1, wherein 
said first face sheet is formed of a partially diffusion bonded 
laminated titanium sheet 

8. The structural armor component of claim 1, wherein 
said first face sheet is formed of a monolithic titanium sheet is 

9. A process for fabricating a double truss structural 
component, comprising the steps of: 

a) bonding and forming a double truss core panel by a 
five-sheet bonding and superplastic forming process, 
said double truss core panel comprising: 20 

i) a first face sheet; 

ii) an intermediate sheet opposing said first face sheet; 

iii) a first truss core member sandwiched between said 
first face sheet and said intermediate sheet said first 
truss core member having a flute axis; 25 

iv) a second face sheet opposing said intermediate 
sheet; and 

v) a second truss core member sandwiched between 
said second face sheet and said intermediate sheet 
said second truss core member having a flute axis 30 
being oriented in a range of from about 45° to 90° 
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from said flute axis of said first truss core member to 
form a biaxially, redundant load path, said first and 
second race sheets, said intermediate sheet, and said 
first and second truss core members being formed of 
high toughness, high strength titanium alloys; 

b) applying adhesive to laminate material inserts having 
high energy of break properties, said laminate material 
inserts being sized and shaped to fit within portions of 
flutes of said first and second truss core members; and, 

c) inserting said laminate material inserts into said flutes 
of said first and second truss core members. 

10. The process of claim 9, further including the step of: 
inserting a pre-foam material into other portions of said 

flutes of said first and second truss core members, said 
pre-foam material expanding to form a cellular foam 
material that fills the remaining empty portions of said 
flutes. 

11. The process of claim 10, wherein said step of inserting 
a pre-foam material comprises the step of inserting expand- 
ing epoxy syntactic films. 

12. The process of claim 10, wherein said step of inserting 
a pre-foam material comprises the step of pouring a pre- 
foam solution. 

13. The process of claim 9, wherein said step of bonding 
and forming a double truss core panel comprises the step of 
diffusion bonding. 

14. The process of claim 9, wherein said step of bonding 
and forming a double truss core panel comprises the step of 
laser welding. 

***** 
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